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(54) Mobile communication receiving apparatus 

(57) A mobile communication receiver of a spread 
spectrum communication system has a plurality of fin- 
gers a synthesizer for synthesizing data reproduced by 
the fingers, a power measurement unit for measuring 
power of reproduction output of the fingers and total 
power thereof, a error detection unit for detecting an 
error o output data of the synthesizer, and a control unit 
for controllmg power on and off of the fingers based on 
the measurement result of the power measurement unit 
and the error detection result of the error detection 
means. Power consumption can be reduced in the 
range In which an error increase does not result 
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Description 

BACKGROUND OF THE INVFNT|QN 
5 1. Field of the Invention 

The present invention relates to a mobile communication receiving apparatus for spread spectrum (SS) communi- 
cation used for code division multiple access (CDMA) communication or radio local area network (radio LAN) commu- 
nication in a mobile communication field, and in particular to reduction in power consumption and enlargement of the 
w synchronization acquisition and hunt range. 

2. Prenptipo of the Relate Art 

Since SS communication in a mobile communication field can cover a code division multiple access system and is 
is also excellent in resistance to noise, it is applied to CDMA communication and radio LAN communication. A conven- 
tional mobile communication receiver for SS communication comprises a reception antenna 1 for receiving signals, 
high-frequency circuitry 2 made up of a signal amplifier (referred to simply "amplifier"), a frequency converter, and a 
band-pass fflter (BPF). a low-pass rater (LPF) 3 for limiting reception signals to a base band, three inverse spread mod- 
ulation and data demodulation sections, which will be hereinafter referred to as fingers, 4, 9, and 14 for inversely spread 
20 modulating reception signals spread modulated at transmitting side and reproducing modulation data components, and 
a synthesizer 20 for synthesizing output signals of the fingers for amplifying the data signal strength, as shown in Figure 
6. 

Each of the f ingers 4, 9, and 1 4 is made up of a PN code generation section 5, 10, 1 5 for generating the same pseu- 
donoise (PN) code sequence as a transmitter, a synchronization acquisition/hunt section 6. 11 , 16 for executing inverse 

25 spread modulation while synchronizing with the timing of a PN code of a reception signal and hunting the timing, an 
integrator 8, 13, 18 for integrating an inversely spread modulated reception signal tor a given time for reproducing data, 
and a VCC section 7, 1 2, 1 7 for generating a voltage-controlled dock (VCC) used as a clock of the PN code generation 
section 5, 10, 15. The PN code generation sections 5. 10, and 15 are of the same configuration and perform the same 
operation; the integrators 8, 13, and 18 are of the same configuration and perform the same operation; and the VCC 

so sections 7, 12, and 17 are of the same configuration and perform the same operation. The synchronization acquisi- 
tion/hunt sections 6, 1 1 , and 16 are of the 6ame configuration, but execute inverse spread modulation at different tim- 
ings. 

The fingers execute inverse spread modulation at different timings for reproducing data and the synthesizer 20 syn- 
thesizes the reproduced data, whereby the receiver enables pass diversity for separating and synthesizing direct waves 

35 and multiple-reflected waves for reproducing data. 

Figure 7 shows the configuration of the finger in more detail. The finger, which has a delay lock loop (DLL) structure, 
comprises a multiplier 23 for multiplying PN code PN[k-1] leading inversely spread modulated PN code PN[k] by one 
chip in phase by a reception signal; a multiplier 24 for multiplying PN code PN[k+1] lagging PN[kJ by one chip in phase 
by the reception signal, a multipGer 25 for multiplying PN[k] by the reception signal to output an inverse spread modu- 

40 lation output signal, an Integrator 26 for integrating the output signals of the multiplier 23, an Integrator 27 for integrating 
the output signals of the multiplier 24, a subtracter 48 for subtracting an output signal of the integrator 26 from an output 
6ignal of the integrator 27, a loop filter 29 for removing a noise component from an output component of the subtracter 
48, an integrator 30 for integrating the output signals of the multiplier 25 and reproducing data, a threshold determiner 
49 for comparing an output signal of the integrator 30 with a threshold value for determination, a voltage-controlled 

4$ clock (VCC) 33 whose phase is controDed by an output signal of the loop rater 29, a feedback shift register 34 of N reg- 
ister length (taps) for cyclically shifting PN code by the VCC 33 output clock, and a PN code generator 35 for generating 
a PN code pattern of a transmitter. 

The PN code generator 35 has a function of making output lag behind or lead ahead by several chip intervals. 
Next, the operation principle of the finger of the DLL structure will be discussed with Figures 4A to 4D In SS conv 

60 munication, for Inverse spread modulation, a transmitter and a receiver have the same PN code sequence and multiply 
the same code at the 6ame timing. The synchronization acquisition and hunt operation will be discussed 

Figure 4A shows the output of an integrator 30. The vertical axis is an auto-correlation function R(t) of a PN code 
sequence of a transmitter and a receiver and corresponds to the output of the integrator 30 in Figure 7. The horizontal 
fccis shows PN code timing differences between the transmitter and receiver, wherein dt denotes one chip interval. 

55 When the PN code timing difference between the transmitter and receiver is 0, R(t) indicates the maximum value; when 
thePN code timing difference is 1 chip or more, R(t) becomes 1/L (L Integration number) and almost 0 because L is 
sufficiently larga Therefore, data demodulation is impossible in the receiver when PN code synchronization is not 
acquired. 

Then, in order to acquire synchronization, the receiver checks R(t) by the threshold determiner 49. When R(t) is 
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equal to or less than a threshold vafue. the receiver makes the output PN code of the PN code generator 35 laq behind 
or lead ahead by several chip intervals fa timing acflustment and again checks R(t). The receiver repeats this operation 
untl the output of the integrator 30 exceeds the threshold value. When the output exceeds the threshold value the 
receiver fixes the timing for acquiring synchronization. This Is the synchronization acquisition operation principle. ' 

Next, in order to hold the synchronization, the PN code of the reception signal fs hunted. The hunt operation will be 
discussed with Figures 4A to 4D. Figure 4B shows an output characteristic of the subtractor 48 (02(t)) Receiver PN 
codes. used by the multipliers 23 and 24 (PN(k-lJ and PN[k+l]) are 1-chip lead and lag signals ahead and behind PN 
code PN[k} used for inverse spread modulation in the multiplier 25. Therefore, the auto-correlation functions (outputs of 
the integrators 26 and 27) are provided by shifting R{t) in Figure 4A -dt and «ft and have the maximum values at -dt 
and 4dt Since the integrator 26 output is inverted and synthesized with the integrator 27 output by the subtractor 48 
the output characteristic of the subtractor 48, 02(t), becomes as shown in Figure 4B. Therefore, D2(t) becomes an 
increasing function passing through the origin at the ±dt interval. Thus, if the PN code phase difference is drawn into 
within idt, the phase of the VCC 33 is controlled by the signal resulting from removing the noise component of D2(t) 
through the loop f Bter 29, whereby the PN code of the reception signal can be hunted. 

The description of the configuration and operation principle of the conventional mobile communication receiver for 
SS Communication is now complete. 

However, the conventional mobile communication receiver having a plurality of fingers involves a problem of an 
increase in power consumption. 

When a DLL is used as the finger, because of the characteristics thereof, synchronization acquisition and huntina 
20 are limited in the range of ±dt at the maximum. y 

SUMMARY OF THE INVFMJjQN 
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f\ It is an object of the invention to provide a receiving apparatus for a mobile communication that can reduce power 
25 \ consumption of fingers and enlarge the synchronization acquisition and hunt range, 
j The receiver for a mobile communication according to the present invention comprises: a power measurement unit 
for measuring power of reproduction output of the fingers and total power thereof, an error detection unit for detecting 
an error of output data qf a synthesizeyanda control unit forcjoptrolling power on and off of the fingers based on the 
measurement result pi the power meaiureTnefirDrtf^me error detection result of the error detection unit. According 
to the configuration, the fingers can be powered off in the range in which an error increase does not result for reducino 
power consumption, . 

Tien of the fingers comprises a first multiplier for multiplying a PN code (PN[k]) synchronized with a PN code of a 
transmitter by a base band reception signal, a second multiplier for multiplying a PN code (PN(k-l]) leading the PN[k] 
by one chip in phase by the base band reception signal, a third multiplier for multiplying a PN code (PN[k+lJ) lagging 
the PN[kj by one chip in phase by the base band reception signal, an adder subtractor for performing addition and sub- 
traction on integration values of outputs of the second and third multipliers, PN code supply means for changing phases 
of the PN codes generated by a PN code generator and supplying the resultant PN codes to the first, second, and third 
multipliers, and PN code control means for controlling the phase amount of the PN code changed by the PN code sup- 
ply means based on the addition and subtraction result values of the adder subtractor and integration output of the fret 
multiplier. According to the configuration, the PN synchronization acquisition and hunt range can be enlarged. 

BRIEF DESCRIPTION QF THF nRA*^ 
In the accompanying drawings: 

45 

Figure 1 is a block diagram to show the configuration of a mobile communication receiver in a first embodiment of 
the invention; 

Figure 2 is a flowchart to show an on/off control algorithm of fingers in the first embodiment of the invention; 
Figure 3 is a block diagram to show the configuration of a finger in a second embodiment of the invention; ' 
» Figures 4A to 40 are waveform cfiagrams to show output characteristics of blocks of the finger in the second 
embodiment of the invention; 

Figure 5 is a block diagram to show the configuration of a PN code control section in the second embodiment of the 
invention; 

Figure 6 is a block diagram to show the configuration of a conventional mobile communication receiver - and 
* Figure 7 is a block diagram to show the configuration of a conventional finger. 

DETAILED DESCRIPTION OP f ^E INVENTION 

Detailed description of the invention will be described as follows referring to the accompanying drawings. 
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ttnn "J-™** 1 * C0 ^T r rcati0n """■ r 01 a spread spectrum communication system according to the present inven- 
tion having a plurality of fingers and a synthesizer tor synthesizing data reproduced by fingers, a power measurement 
unit measures power of reproduction output of the fingers and total power thereof, an mSHZ TuZlSS 
error of output data of the synthesizer, and a control unit controls power on and off of the fingers based on the meas- 
urement result of the power measurement unit and the error detection result of the error detection unit Power consump- 
tion can do reduced. 

h J" to . n ; ^ COn,r ° l "* St0reS the total Ps corresponding to reference error data from the relationship 
between the total power measured by the power measurement unit and the error detected by the error detection un£ 
„ I!! "T™*, 6 ^' raCtinfl Ps ^ to*! power of reproduction output of the operating fingers is eqllai 
to or greater than the value resultmg from adding the power ofmefirigerhavii^ the inirtmum reproduction oUut^ 
among Uie operating fingers and a constant d. which is a positive real number, powers off the finger having the minimum 

'ZZZ^TJ^ WW 'l ,he total P ° Wer more tnan *• Ps corresponding to the reference error data is 
always provided, the fingers can be powered off for reducing power consumption 

Further, each of the fingers has a first multiplier for multiplying a PN code (PN[k]) synchronized with a PN code of 
a transmitter ^by _a base band reception signal, a first integrator for integrating output of the first muttiplier. a second mul- 
tiplier for nu.lfapty.ng a PN code (PNIk-1]) leading the PNN by one chip in phase by the base band reception signal a 
second mtegrator for integrating output of the second muttiplier, a third multiplier for multiplying a PN code (PNfk+il) 

third rnutophec an adder subtracter for performing addition and subtraction on outputs of the second and third integra- 
tors, a PN code generator for generating the same PN codes as the transmitter, a PN code supply unit for changing 
f , codes generated by the PN code generator and supplying the resuttant PN ctfes to thef^S 
and th.rd multipl.ers. and a PN code control unit for controlling phase amount of the PN code changed by the PN cede 
supply unit based on the addition and subtraction result values of the adder subtracter and output of the first integrator 
The PN synchronization acquisition and hunt range can be enlarged. 

... l urth !'™. ore< the u PN code cc^rC «* "8 Provided with a first comparator for comparing output of the first integrator 
with the addition result value of the adder subtracter in greater-than. equal-to, or less-than relation, a second compara- 
tor for comparing the subtraction result value of the adder subtracter with a numeric value 0 in greater-than equal-to 
or less-than relation, a third comparator for comparing a value ADD resulting from adding the addition result value of 
the adder subtracter to output of the first integrator with a numeric value 0 in greater-than. equal-to or less-than relation 
and outputting 1 when ADD>0, otherwise 0. a phase shifter foroutputting a phase amount control value to the PN code 

^IT 1 * I" h ShiW PhaS8 * lhe PN Supplied * tne PN code mii °"e chip every integration 
time when the third comparator outputs 0. and a phase hunter for selectively outputting a value 0 1 or -1 added to the 
output value of the phase shifter based on outputs of the first and second comparators when the third comparator out- 
puts 1 . A DLL enabling PN code synchronization acquisition and hunting in the range twice that of the conventional DLL 
can be configured. 

Moreover, the PN code supply unit is provided with a feedback shift register for cyclically shifting the PN codes gen- 

aSUn^ !S£3FV!" ^ OUlpU,,ino re9istef Values PN M 2 - 3 N > and * selector for selecting the 

!™ I " ^ M ,' ^ X ] ° m amo " 9 0,6 reflister values Pm 01 *• teedba * sW « register, wherein the shift 
amount of toe feedback shift register is controlled by the output value of the phase shifter end selection of the selector 
is controlled by the value resulting from adding the output value of the phase shifter and output of the phase hunter. The 
selection of the selector is controlled so that the shift amount of the feedback shift register is adjusted until the phase 
Difference between the PN codes of the transmitter and receiver enters the synchronization acquisition range and that 
the synchrorozation can be hunted after it is acquired. " 

Referring now to Figures i to 5. preferred embodiments of the present invention will be described as follows. 

First embodiment 

As shown in Figure 1 . a mobile communication receiver according to a first embodiment has a reception antenna 
1 ; Weqjericy crcuitry 2; a kwpass filter (LPF) 3; three fingers 4. 9 and 1 4 each consisting of PN coda generation 
secbonsS. 10. 15. a synchronization acquisition/hunt section 6. 11. 16. avoltage-contro0edclock(VCC)7 12 17and 
an integrator 8. 13. 18; a power measure 19 for measuring power of an oulput signal of each finger 4 9 14 ind total 
power; a synthesizer 20 for synthesizing the output signals of the fingers; en eiror detector 21 for detecting an error of 
an outout signal of the synthesizer 20; and a control section (central processing unit (CPU)) 22 for controlling power on 
and off of the fingers 4. 9. and 14 based on the measurement and detection results of the power measure 19 and the 
fifTor detector 21. 

The operation of the mobile communication receiver will be cfiscussed. Rrst, the reception antenna 1 the hioh-fre- 
quency circuity 2. and the LPF 3 have the same configuration as and perform the same operation as those of the con- 
ventional receiver in Figure 6. The finger 4 is made up of the PN code generation section 5. the synchronization 
acquisfbon/hunt section 6, the integrator 8, and the voilage-controUed dock (VCC) 7. The PN code generation section 
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5 outputs the same PN code as a transmitter at the same speed. The synchronization acquisition/hunt section 6 exe- 
cutes inverse spread modulation and outputs an inverse spread modulation output signal while synchronizing with the 
timing of a PN code of a reception signal and hunting the timing. The VCC 7 supplies a clock to the PN code generation 
section 5 and the phase of the clock is controlled by an output voltage of the synchronization acquisition/hunt section 
s 6. The integrator 8 integrates inversely spread modulated reception signals output by the synchronization acquisi- 
tion/hunt section 6 for a given time and reproduces data. 

The finger 9 t 14 has the same configuration as the finger 4 and performs the same operation as the finger 4, but 
differs from the finger 4 in inverse spread modulation timing. Thus, bus diversity is enabled by outputs of the fingers 4, 
9, and 14. Power on/off control of the fingers 4, 9, and 14 is performed by the CPU 22. 
io The power measure 19 measures power (P1 , P2, P3) of the output signal (reproduction data signal d4, d9, d14) of 
each of the fingers 4, 9, and 14 and total power (Pt), and transmits the measurement data to the CPU 22. 

The synthesizer 20 synthesizes d4. d9, and 14. The error detector 21 detects an error of the synthesizer 20 output 
signal, and transmits the error data (ED) to the CPU 22. 

The CPU 22 uses PI, P2, P3, Pt and ED to perform power on/off control of the fingers 4, 9. and 14. 
is Figure 2 shows an on/off control procedure of the CPU 22. 

The CPU 22 first checks P1 , P2, and P3. Next, it checks the relationship between Pt and ED, and stores the total 
power Ps of the power measure 19 when reproduction data output from the synthesizer 20 contains a maximum allow- 
able error on performance. That is. the CPU 22 stores the signal power Ps of the power measure 19 corresponding to 
the ED reference value defining the maximum allowable error in the reproduction data: 
20 Here, assume that P1 , P2, and P3 are assigned the following power order: 

P1<P2<P3 (Expression 1) 

If such an assumption is made, generality is not lost 
25 The CPU 22 

Step 1 : determines whether or not the power output by the power measure 19 satisfies the relation in the following 
expression 2: 

so Pt-Ps>P1+d(Pt = P1+P2 + P3) (Expression 2) 

where d is a positive real number; 

Step 2: when the relation in expression 2 is satisfied, turns off the power of the finger 4; 
Step 3: checks that the relation in the following expression 3, 

35 

P2 + P3-Ps>d (Expression 3) 

is satisfied; then 

Step 4: determines whether or not the relation in the following expression 4, 

40 

P2 + P3-Ps>P2 + d (Expression 4) 

is satisfied; and 

Step 5: when the relation in expression 4 is satisfied, further turns off the power of the finger 9. 
45 Next, the CPU 22 returns to step 4 and checks whether or not the relation in expression 4 is satisfied. When 

the relation at step 4 is not satisfied, the CPU 22 

Step 7: checks whether the power of the finger 9 is on or off; and When it is off, 
Step 8: turns on the power of the fingers 4 and 9, then returns to step 1 . 

When the power of the finger 9 is on at step 7, the CPU 22 returns to step 3 and checks whether or not the 
so relation in expression 3 is satisfied. If the relation is not satisfied, 
Step 6: turns on the power of the finger 4, then returns to step 1. 

The receiver of the embodiment repeats the following operation: The signal power (Ps) corresponding to the refer- 
ence error data (error data limit value which must be maintained at the minimum to hold the reception performance) is 
55 stored, ff the difference between the total power of the finger outputs (Pt) and Ps is equal to or greater than the sum of 
the minimum power of the fingers and the positive constant d, the power of the finger outputting the minimum power is 
turned off. In this state, if the difference between the total power of the operating finger outputs (Pt) and Ps is equal to 
or greater than the 6um of the minimum power of the operating fingers and the positive constant d, the power of the 
operating finger outputting the minimum power is turned off. 
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That Is, if the power of the finger having small output power among the operating fingers is turned off, when the total 
power (Pt) is equal to or greater than Ps by d or more, the fingers having small output power are turned off in sequence 
for saving power consumption. 

If the difference between the total power of the operating fingers and Ps becomes equal to or less than the sum of 
the minimum value of output power of the operating fingers (Pimin) and the constant d, all fingers are powered on. 

Such control is repeated, whereby signals can always be received with a minimum number of fingers and power 
consumption can be reduced. 

A similar effect can be produced rf the number of fingers is integer M (M>2). 

Second embodiment 

A whole mobile communication receiver of a second embodiment has the configuration in Figure 1, and each of 
fingers 4, 9, and 14 has the configuration shown in Figure 3. 

The finger has a multiplier 23 for multiplying PN code PN[k-1] leading PN code PN[k] used for inverse spread mod- 
ulation by one chip in phase by a reception signal, a multiplier 24 for multiplying PN code PN[k+1] lagging PN[k] by one 
chip in phase by the reception signal, a multiplier 25 for multiplying PN[k] by the reception signal to output an inverse 
spread modulation output signal, an integrator 26 for integrating the output signals of the multiplier 23, an integrator 27 
for Integrating the output signals of the multiplier 24, an adder subtracter 28 for performing addition and subtraction on 
an output signal of the integrator 26 and an output signal of the integrator 27, a loop fitter 29 for removing a noise com- 
ponent of the subtraction result output from the adder subtracter 28, an integrator 30 for integrating the output signals 
of the multiplier 25 and reproducing data, a voltage-controlled dock (VCC) 33 whose phase is controlled by an output 
signal of the loop filter 29, a feedback shift register 34 of N taps for cyclically shifting PN code by the VCC 33 output 
dock, a PN code generator 35 for generating the same PN code pattern as a transmitter, a selector 32 for selecting 
PN[k-1], PN[k], and PNp<+1] out of output of the feedback shift register 34 and outputting the codes to the multipliers 
23, 24, and 25, and a PN code control section 31 for resetting the shift count of the feedback shift register 34 and deter- 
mining the output value of the selector 32 based on output of the adder subtracter 28 and output of the integrator 30. 

The operation of the finger thus configured will be discussed with Figures 4A to 4D. 

The multiplier 23 multiplies the PN code (PN[k-1]) leading the PN code (PN[kD used for inverse spread modulation 
by one chip by a reception signal. The multiplier 24 multiplies the PN code (PN[kf 1]) lagging PN[k] by one chip by the 
reception signal. 

The multiplier 25 multiplies PN[kJ by the reception signal for inverse spread modulatioa The integrators 26 and 27 
integrate the output signals of the multipliers 23 and 24, respectively, for the same given time, and the adder subtracter 
28 performs adding and substraction on the output signals of the integrators 26 and 27. To perform subtraction, the inte- 
grator 26 output signal is subtracted from the integrator 27 output signal. The substraction result signal is output to the 
loop fflter 29 and the addition result signal and subtraction result signal are output to the PN code control section 31 . 

The loop filter 29 removes noise of the subtraction result signal. The output signal from the loop filter 29 becomes 
D2(t) in Figure 4B. This signal controls the VCC 33 for hunting the phase of the PN code of the reception signal. 

The Integrator 30 integrates the inversely spread modulated reception signal for the same time as the integration 
time of the integrator 26, 27 for reproduting data This reproduction data is output to the synthesizer 20 and the power 
measure 19 in Figure 1. 

The PN code control section 31 uses the integrator 30 output signal and the adder subtracter 28 output signal to 
control the selector 32 and the feedback shift register 34, thereby enlarging the synchronization acquisition and hunt 
range, as described later. 

The PN code generator 35 calculates a PN code pattern from specific tap output of the feedback shift register 34, 
and generates the same PN code pattern as a transmitter. 

The feedback shift register 34 shifts the PN codes output from the PN code generator 35 by the VCC 33 dock. It is 
reset by the PN code control section 31 . and restarts shifting the PN codes according to the shift count specified by the 
PN code control section 31 . 

Each register output of the feedback shift register 34 is output to the selector 3^ Then, the selector 32 selects one 
PN code (PN[k]) used for inverse spread modulation based on the signal of the PN code control section 31 from the 
register outputs of the feedback shift register 34, then, selects the register values preceding and following the selected 
PN code (PN[k-1J and PN[k+1D, and outputs the PN codes to the multipliers 25, 23 and 24. 

The PN code control section 31 has a comparator 40 for comparing output of the integrator 30 with addition output 
of the adder subtracter 28, a comparator 41 for comparing substraction output of the adder subtracter 28 with threshold 
value 0, an adder 43 for adding output of the integrator 30 and addition output of the adder subtracter 28, a comparator 
42 for comparing output of the adder 43 with threshold value 0, a phase hunter 44 for outputting any of 1,-1, or 0 based 
on the comparison results of the conparators 40, 41, and 42, a counter 47 for counting VCC 33 output over the integra- 
tion time, a phase shifter 46 for outputting a signal for setting the shift count of the feedback shift register 34 based on 
the comparison result of the comparator 42 every irtegration time output from the 
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ing output of the phase hunter 44 to output of the phase shifter 46 and outputting a signal for specifying selection of the 
selector 32, as shown in Figure 5. 

The operation of the PN code control section will be discussed with reference to Figures 4A to 4D. 

R(t) in Figure 4A is output of the integrator 30. D2(t) in Figure 4B is subtraction output of the adder subtractor 28. 
|D2(t)| in Figure 4C is addition output of the adder subtractor 28. ADD(t) in Figure 4D showing an addition characteristic 
of R(t) and |D2(t)| is output of the adder 43. When output of the adder 43 is greater than 0. namely, the timing difference 
between the transmitter and receiver lies within the range |2dt)<t the comparator 42 outputs "1 " otherwise, the compa- 
rator 42 outputs "0". 

If the PN code timing difference between the transmitter and receiver lies within the range |2dt|<t ( synchronization 
can be hunted in the finger. However, when the PN code timing difference is beyond the range |2dt|<t the output count 
from the phase shifter 46 is changed in sequence so as to increment the shift count of the feedback shift register 34 by 
one chip until the comparator 42 outputs "1 ". 

When the comparator 42 outputs T, the output count of the phase shifter 46 is fixed and 1 , 0 or - 1 is output from 
the phase hunter 44 in response to the timing difference between the transmitter and receiver in the state. The value 
resulting from adding the output value and the output count of the phase shifter 46 is set in the selector 32. Then, the 
synchronization hunt operation is performed. 

The operation sequence will be discussed in more detail. 

The comparator 40 compares R(t) in Figure 4A with |D2(t)| in Figure 4C. As seen in Figure 4A and 4C. the interval 

of 

R(t) 2 |D2(t)| (Expression 6) 

is 

-dt/2 £ t £ dt/2. (Expression 7) 

At this interval. D2(t) in Figure 4B becomes an increasing function passing through the origin, namely, the synchroniza- 
tion hunt range. If the PN code phase difference between the transmitter and receiver is drawn into the range, the sub- 
traction output of the adder subtractor 28 is used only to control the phase of the VCC 33, whereby the PN code of the 
reception signal can be hunted. 

The comparator 40 outputs "1" at the interval; otherwise, the comparator 40 outputs "0". (This output value is set to 
beCOMPI). 

The comparator 41 compares D2(t) with threshold value 0. When 

D2(t)£0. (Expressions) 

the comparator 41 outputs "0"; otherwise, the comparator 41 outputs "1". (This output value is set to be COMP2.) The 
adder 43 adds R(t) and |(D2(t)| and its output characteristic becomes ADD(t) in Figure 4D. The comparator 42 com- 
pares ADD(t) with threshold value 0. When 

ADD(t)£0 (Expression 9) 

namely, when 

(2dt|<t (Expression 10) 

the comparator 42 outputs "0"; otherwise, the comparator 42 outputs "1". (This output value is set to be COMP3.) 
The phase hunter 44 outputs any of 1, -1 or 0 to the adder 45 based on COMP1 , COMP2. and COMP3. 
Table 1 lists the output conditions of the phase hunter 44. 
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Table 1 
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t 


2[dt|<t 


-2dt<a<-dt/2 


<ft/2sas5cft/2 


dt/2<te2dt 


COMP1 


0 


0 


1 


0 


COMP2 


0 


0 


1or0 


1 


COMP3 


0 


1 


1 


1 


PHASE HUNTER OUTPUT 


0 


+1 (1 chip lag) 


nOKj 


-1 (Ichip lead) 



Now, assume that C0MP1 output at the synchronization acquisition start time of reception PN code is "0" 
is When 



20 



Further, if 



25 namely, 



30 



35 



and 



namely, 



-2dt<:t<;2dt, 
COMP3-1. 

COMP2 = 1, 

0£t£2dt 

COMP1 ■ 0, 

|dt/2|>t, 
dt/2<t<;2dt 



(Expression 11) 
(Expression 12) 

(Expression 13) 

(Expression 14) 

(Expression 15) 

(Expression 16) 
(Expression 17) 



At this time, the phase hunter 44 output is set to That is, a 1 -chip lead is specified. Because of this lead, the PN 
40 code timing difference between the transmitter and receiver becomes 



and enters the increasing range of D2(t) of 



45 



60 



-dt/2<t£dt 



-dtstsdt, 



thus, can be drawn into the synchronization hunt range. 
Next, in the case of (Expression 11)-2dt£t£2dt,if 



COMP2 = 0 

namely, 

55 -2dt s t < 0 

and (Expression 15), namely, (Expression 16), 

-2dt £ t <2 -dt/2. 



(Expression 18) 



(Expression 19) 



(Expression 20) 



(Expression 21) 



(Expression 22) 
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At this time, the phase hunter 44 output is set to "+1 That is, a 1 -chip lag is specified. Because of this lag, the timing 
difference between the transmitter and receiver becomes 

-dUt<dt/2, (Expression 23) 

5 

and enters the increasing range of D2(t) (Expression 19), thus can be drawn into the synchronisation hunt range. 
In addition, when 

COMP3 = 0, (Expression 24) 

10 

no correlation is detected, thus the phase hunter 44 outputs "0", namely, is not involved in the synchronization acquisi- 
tion and hunt operation. When COMP1 output is "1 output of the phase hunter 44 is held. 

Thus, if the interval is (Expression 1 1), the finger can hunt the phase of the reception PN code with the DLL 

On the other hand, the phase shifter 46 selects PN code phase of the receiver PN[k] to synchronize PN codes 
is between the transmitter and receiver. The operation of the phase shifter 46 will be discussed. 

In order to acquire synchronization, a method of making PN[k] lag a lead by one chip until an auto-correlation value 
is detected is available. Here, the method of making PN[k] lag by one chip is used. 

When synchronization acquisition starts, the phase shifter 46 outputs a numeric value greater than 3, for example, 
4 to the adder 45 and the feedback shift register 34 to prevent the number of taps from overflowing as the phase shifter 
20 44 performs the lag/lead (*/-) operation and PN[k-1] is used. 

The phase shifter 46 checks the comparator 42 for output each time the count of the counter 47 indicates the inte- 
gration time. If the comparator 42 outputs "1". output is fixed intact If the comparator 42 outputs TT, the phase shifter 
46 outputs 5 to delay PN code by one chip. If the comparator 42 furthermore outputs "0", counting up is continued until 
"1" is detected. However, the upper Omit is set to N-2 (where N is the number of taps of the feedback shift register 34) 
25 to prevent the number of taps from overflowing. 

If "1 " is not detected, the feedback shift register 34 is reset and detection is again started in a similar manner to that 
descrtoed above. The counter 47 counts VCC 33 output at the integration interval, and outputs a signal input to the 
phase shifter 46 for use as a flag indicating the integration time. The adder 45 adds phase shifter 46 output and phase 
hunter 44 output. The addition result output from the adder 45 becomes an input signal of the selector 32 in Figure 3 
30 for determining the PN codes of the receiver (PN[k-1], PNM, and PN[k+1D- Since the phase hunter 44 outputs TT 
before synchronization is acquired, the phase shifter 46 output becomes PN[kJ of the receiver. After the synchronization 
is acquired, the value resulting from adding phase hunter 44 output in the pattern shown in Table 1 and the phase shifter 
46 becomes PN[k] of the receiver. 

Thus, the receiver of the second embodiment is provided with the PN code control section having the comparator 
ss 40 for comparing |(D2(t)| with R(t), the comparator 41 for comparing D2(t) with threshold value 0, the adder 43 for add- 
ing |D2(t)| and R(t), the comparator 42 for comparing the adder 43 output with threshold value 0, the phase hunter 44 
for outputting -1 , +1 or 0 according to the pattern in Table 1 based on the comparator 40 output, the comparator 41 out- 
put, and the comparator 42 output, the phase shifter 46 for selecting receiver PN code PN[k] based on the comparator 
42 output and resetting the feedback shift register 34, the counter 47 for counting the integration time, and the adder 45 
40 fa combining the phase hunter 44 output and the phase shifter 46 output, whereby the receiver can execute synchro- 
nization acquisition and hunt of PN code in the range twice that of the conventional DLL (synchronization acquisition 
and hunt range: (Expression 19)). Therefore, the synchronization acquisition can be speeded up and synchronization 
hunt in a wide range is enabled. 

In the embodiment, the phase of a PN code generated by the PN code generator 35 is changed through the feed- 
45 back shift register 34 and the selector 32 and the PN code having the phase changed is supplied to the multiplier 23, 
24, or 25. However, the phase is changed only by using the feedback shift register 34 and the shift amount of the feed- 
back shift register 34 can be controlled by the PN code control section or any other configuration is also possible. 

The configurations of the first and second embodiments can be synthesized appropriately. 

As understood from the description made so far, the mobile communication receiver of the invention can reduce 
so power consumption by controlling power on and off of the fingers. 

The synchronization hunt range of the fingers is enlarged and synchronization acquisition can be speeded up. 

Claims 

65 1 . A mobile communication receiving apparatus of a spread spectrum communication system comprising: 
a plurality of inverse spread modulation and data demodulation sections; 

a synthesizer for synthesizing data reproduced by said plurality of inverse spread modulation and data demod- 
ulation sections; 
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power measurement means for measuring power of reproduction output of said plurality of inverse spread 
modulation and data demodulation sections and total power thereof; 
error detection means for detecting an error of output data of said synthesizer; and 
control means for controlling power on and off of said plurality of inverse spread modulation and data demod- 
ulation sections based on the measurement result of said power measurement means and the error detection 
result of said error detection means. 

The mobile communication receiving apparatus as claimed in claim 1 , wherein said control means stores the total 
power corresponding to reference error data from relationship between the total power measured by said power 
measurement means and the error detected by said error detection means; and if a value resulting from subtracting 
from the total power of reproduction output of said operating inverse spread modulation and data demodulation 
sections is equal to or greater than a value resulting from adding the power of the inverse spread modulation and 
data demodulation section having the minimum reproduction output power among said operating inverse spread 
modulation and data demodulation sections and a constant which is a positive real number, a power of the inverse 
spread modulation and data demodulation section having the minimum reproduction output power is made off. 

The mobile communication receiving apparatus as claimed in claim 1, wherein each of said plurality of inverse 
spread modulation and data demodulation sections comprises: 

a first multiplier for multiplying a PN code (PN[kD synchronized with a PN code of a transmitter by a base band 
reception signal; 

a first integrator for integrating output of said first multiplier; 

a second multiplier for multiplying a PN code (PN[k-1]) leading the PN[kJ by one chip in phase by the base band 
reception signal; 

a second integrator for integrating output of said second multiplier; 

a third multiplier for multiplying a PN code (PN[k+1D lagging the PN[kJ by one chip in phase by the base band 
reception signal; 

a third integrator for integrating output of said third multipGer; 

an adder subtracter for performing addition and subtraction on outputs of said second and third integrators; 
a PN code generator for generating the same PN codes as the transmitter; 

PN code supply means for changing phases of the PN codes generated by said PN code generator and sup- 
plying the resultant PN codes to said first second, and third multipliers; and 

PN code control means for controlling phase amount of the PN code changed by said PN code supply means 
based on addition and subtraction result values of said adder subtracter and output of said first integrator. 

The mobile communication receiving apparatus as claimed in claim 3, wherein said PN code control means com- 
prises: 

a first comparator for comparing output of said first integrator with the addition result value of said adder sub- 
tractor In greater-than, equal-to or less-than relation; 

a second comparator for comparing the subtraction result value of said adder subtracter with a numeric value 
0 in greater-than, equal-to or less-than relation; 

a third comparator for comparing a value ADD resulting from adding the addition result value of said adder sub- 
tractor to output of said first integrator with a numeric value 0 in greater-than, equal-to or less-than relation and 
outputting 1 when ADD>0, otherwise 0; 

a phase shifter for outputting a phase amount control value to said PN code sipply means so as to shift the 
phase of the PN code supplied by said PN code supply means by one chip every integration time when said 
third comparator outputs 0, and a phase hunter for selectively outputting a value 0, 1 or - 1 added to the output 
value of said phase shifter based on outputs of said first and second comparators when said third comparator 
outputs 1. 

The mobile communication receiving apparatus as claimed in claim 4, wherein said PN code supply means com- 
prises: 

a feedback shift register for cyclically shifting the PN codes generated by said PN code generator and output- 
ting register values PN[i] 0=1. 2, 3 N); and 

a selector for selecting the PN[k-l], PNJkj and PN[k+1J from among the register values PNp] of said feedback 
shift register; 

wherein a shift amount of said feedback shift register is controlled by the output value of said phase 
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shifter and wherein selection of said selector is controlled by a value resulting from adding the output value of 
said phase shifter and output of said phase hunter. 

6. A mobile communication receiving apparatus of a spread spectrum communication system comprising a plurality 
s of inverse spread modulation and data demodulation sections and a synthesizer for synthesizing data reproduced 
by said plurality of inverse spread modulation and data demodulation sections, each of said plurality of inverse 
spread modulation and data demodulation sections comprising: 

a first multiplier for multiplying a PN code (PN[kJ) synchronized with a PN code of a transmitter by a base band 
. to reception signal; 

a first integrator for integrating output of said first multiplier ; 

a second multiplier for multiplying a PN code (PN[k-l ]) leading the PN[k] by one chip in phase by the base band 
reception signal; 

a second integrator for integrating output of said second multiplier; 
15 a third multiplier for multiplying a PN code (PN[k+1]) lagging the PN[kJ by one chip in phase by the base band 

reception signal; 

a third integrator for integrating output of said third multiplier; 

an adder subtracter for performing addition and subtraction on outputs of said second and third integrators; 
a PN code generator for generating the same PN codes as the transmitter; 
20 PN code supply means for changing phases of the PN codes generated by said PN code generator and sup- 

plying the resultant PN codes to said f irst second, and third multipliers; and 

PN code control means for controlling phase amount of the PN code changed by said PN code supply means 
based on addition and subtraction result values of said adder subtracter and output of said first integrator. 

25 7. The mobile communication receiving apparatus as claimed in claim 6, wherein said PN code control means com- 
prises: 

a first comparator for comparing output of said first integrator with the addition result value of said adder sub- 
tractor in greater-than, equal-to or less-than relation; 
30 a second comparator for comparing the subtraction result value of said adder subtracter with a numeric value 

0 in greater-than, equal-to or less-than relation; 

a third comparator for comparing a value ADD resulting from adding the addition result value of said adder sub- 
tractor to output of said first integrator with a numeric value 0 in greater-than, equal-to or less-than relation and 
outputting 1 when ADD>0, otherwise 0; 
55 a phase shifter for outputting a phase amount control value to said PN code supply means so as to shift the 

phase of the PN code supplied by said PN code supply means by one chip every integration time when said 
third comparator outputs 0, and a phase hunter for selectively outputting a value 0, 1 or - 1 added to the output 
value of said phase shifter based on outputs of said first and second comparators when said third comparator 
outputsl. 

40 

8. The mobile communication receiving apparatus as claimed in claim 7, wherein said PN code supply means com- 
prises: 

a feedback shift register for cyclically shifting the PN codes generated by said PN code generator and oirtpirt- 

45 ting register values PN[i] (i=1 . 2, 3 N); and 

a selector for selecting the PNfk-1 ] , PN[k], and PN[k+1] from among the register values PNp] of said feedback 
shift register wherein a shift amount of said feedback shift register is controlled by the output value of said 
phase shifter; 

wherein selection of said selector is controlled by a value resulting from adding the output value of said 
so phase shifter and output of said phase hunter. 
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FIG. 6 
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